Abstract. The numbers and biomasses of soil invertebrates were investigated in a reserved field in central Finland. Samples were taken monthly from June to September.
Introduction
During the last fifteen years far more quantitative studies of soil animals have been published than earlier. The main reason for this is, in addition to the better understanding of the importance of soil animals in litter break-down processes, in the rapid developement and evaluation of extraction methods (e.g. Phillipson 1971 ).
The almost total death of above-ground vegetation in the autumn is characteristic of temperate grasslands. This organic material together with dead parts of underground vegetation is the primary energy source for decomposers living in litter and soil. The actual decomposition of organic compounds is mostly performed by soil bacteria, fungi and other microorganisms, which in turn are an important source of food to soil animals (Burges and Raw 1967).
Reserved fields (for background see Hokkanen and Raatikainen 1977 , Törmälä 1977 , Hokkanen 1979 differ fundamentally from fields in agricultural use, e.g. pastures and fields for hay, because the primary production is not harvested and transferred outside the ecosystem. Thus the amount of organic material available to decomposers is much higher in reserved fields and natural grassland habitats than in managed grasslands of equal productivity.
The soil fauna of grasslands has been investigated within the framework of the International Biological Programme e.g. in Sweden (Persson and Lohm 1977) , Poland (Nowak 1971 , Wasilewska 1974 and USA (Crossley et al. 1975) . In Finland quantitative information about the soil fauna is available only of forest ecosystems (Huhta et ai. 1967, Huhta and Koskenniemi 1975) and different kinds of sewage sludge and crushed bark mixtures (Huhta et ai. 1977, in print) . This paper forms a part of studies on reserved fields initiated in 1973 at the University of Jyväskylä. It aims to give a general picture of the quantity of different soil animal groups in a typical reserved field in central Finland.
Material and methods

Study site
The sampling was performed in a reserved field, Ruokepuolinen, in the rural commune of Jyväskylä (62°14' N, 25°36' E) in 1976. The field had been uncultivated and unmanaged for seven years. The vegetation was dominated by Achillea plarmica, Poa pratensis, Agrostis tenuis, and Deschampsia caespitosa. For detailed information about primary production and the dynamics of the vegetation and fauna of the field stratum see Törmälä and Raatikainen (1976) . The vegetation and field stratum fauna were also sampled in 1978 (Törmälä in prep.) .
The weather data, based on observations made at Jyväskylä airport some 15 km north of the study site, are presented in Table 1 . 
Sampling
Ten sampling plots were chosen at random from the 0.6 ha study field. Each plot (10 X 5 m) was sampled on 18 June, 19 July, 18 August, and 17 September. An area of one square meter was selected from each plot by random tables for the actual sampling.
Samples for analyzing the physical properties of the soil were taken with a corer of the type described e.g. by Persson and Lohm (1977) . The plastic rings inside the corer which allow a convenient division of samples to vertical fractions were three cm high. The corer took samples from an area of 9.51 cm 2 .
Samples from the layers o-3 cm and 6-9 cm were taken each time. On 19 July and 17 September additional samples down to 15 cm were taken from five of the plots. Microarthropods (Acari and Collembola) and Nematoda were taken with the same corer as the physical samples. Usually only the layers o-3 cm and 6-9 cm were sampled, but on 19 July samples from 3-6, 9 12, and 12-l5 cm were also taken from five of the plots. The sampling procedure for Enchytraeidae was the same but the area of the corer was 24.15 cm 2 .
Macroscopic arthropods and Lumbricidae were sampled from an area of 625 cm 2 to a depth of eight cm by a spaddle described by Huhta et ai. (1967) .
Physical determinations
The soil samples inside the plastic rings were put in tight plastic bags in the field and transported to the laboratory, where they were immediately weighed to the nearest 0.01 g. The samples were then dried in 105°C for 24 hours to determine the water-free wight. Loss on ignition (organic content) was measured after keeping the samples in an oven (550°C) for four hours.
Extraction techniques
The extraction of nematodes followed the modified Oostenbrink (1960) cotton wool filter method described by Huhta and Koskenniemi (1975) with the following exceptions: the original soil sample (9.51 cm 2 X 3 cm) was mixed with a Vibromixer in one liter of water. The subsample for the actual filtration was only 0.05 1 because of the great number of nematodes. The lower samples were filtrated with 0.1 1 of the suspension. Decantation was performed because of the high mineral content of the soil.
Wet funnel technique (O'Connor 1962) was employed for Enchytraeidae.
This method is efficient and requires much less laboratory work than Nielsen's (1955 a) method.
Earthworms were extracted with the large wet funnel described by Huhta and Koskenniemi (1975) . This method is much easier and more efficient especially for small worms than hand-sorting, and it proved to be suitable for the soil type of the study field.
Acari and Collembola were taken from the samples by an infrared highgradient extractor originally described by Lussenhop (1971) and later modified by Huhta and Koskenniemi (1975) . The water bath was kept at a desired temperature with a compressor connected to a thermostat.
Larger arthropods were extracted with closed Tullgren funnels described by Huhta (1972) .
Estimation of biomass
The extracted animals were identified, counted and their body lengths were measured. The nematodes were measured alive in water, other groups in 70 per cent alcohol. Large animals were measured against the lines (2 mm apart) of the counting dish and small ones by means of an ocular grid of the binocular microscope. The length was not determined absolutely but the animals were placed to the nearest of the following size categories: 0. 1, 0.15, 0.2, 0.3, 0.4, 0.5, 0.6, 0.8, 1.0, 1.2, 1.5, 2.0, 3,4, 5,6, 8, 10, 12, 15, 20, 30, 40, 50, 60, 70, 80, 100, and 120 mm. For Coleoptera dry weights for each species (Koskela and Hanski 1977) or length/dry weight regressions (Koskela, unpublished) were employed. The biomass of Coleoptera and Diptera larvae was estimated by length/dry weight regressions specific to each family (Koskela, unpublished) .
The dry biomass of the remaining groups was determined by the following procedure: by the length of animals wet weights were obtained and these were converted to dry weights ( Table 2 ). The conversion of wet weights to dry ones may lead to under-or overestimates because a single conversion factor was used for each of the wide taxonomic units. This procedure was, however, considered necessary since dry weights provide a more sound basis for comparisons between and within the ecosystems. The data are not very relevant because they only indicate the situations on the sampling dates. The soil was driest in July and August. The sampling on 19 July was preceded by 13 rainless days. Changes in soil moisture did not seem to be as sharp in the deeper layer as in the upper one (Fig. 1) . The mineral content in the soil of the study field was quite high especially in the lower layers. The organic material in Table 3 includes, in addition to detritus and humus, the living component of the soil.
The vertical distribution of organic material was surprisingly even in absolute amounts while the percentage of organic material decreased with depth (Table  3) . From 6 to 15 cm there were no changes in the bulk density of the soil.
Vertical distribution
The division of animals to above-and below-ground components is often arbitrary. Firstly, many animals use different horizons in different seasons or stages of their life cycle. Secondly, there is not usually any clear dividing line between the litter and the actual soil. In this study, litter was included in the samples and the division of animals was done on a taxonomical basis. For example the Tullgren funnel extraction gave many other animals (Homoptera, Heteroptera, herbivorous Coleoptera, etc.) in addition to those included in this report. But as they were known to be herbivorous or/and to live mostly in the field stratum they were ignored. Protozoa, Rotatoria and Tardigrada, which belong to the actual soil fauna, were neglected because the filtration method is unsuitable or at least questionable for these groups.
The sampling procedure employed allows an analysis of the vertical distribution of Nematoda, Enchytraeidae and microathropods. Seasonal changes in vertical distribution of these groups, expressed as the percentage of the number or biomass in 6-9 cm from that in o-3 cm, show a common feature: low values in August and/or September (Fig. 2) . This indicates that the animals were at that time more concentrated to the surface layer of the soil. The greatest seasonal variation occurred in Enchytraeidae, of which there were very few in 6-9 cm on 17 September. Seasonal variation in vertical distribution was small in Collembola, Oribatei and Mesostigmata.
On 19 July a more precise sampling was performed in order to compare the vertical distribution of different groups of animals. It should be noted that the results are strictly valid only for that particular sampling day, since, as shown above, seasonal changes in vertical distribution were not synchronized in the groups studied.
Oribatei, Mesostigmata and Collembola concentrated to the surface of the soil (Fig. 3) . E.g. 99 %of the biomass and 88 % of the numbers of Oribatei were in the uppermost three centimeters. The Nematoda, Enchytraeidae and other Acari had a more even vertical distribution. Only 58 % of the biomass and 48 % of the numbers of other Acari were in o-3 cm. On comparing the curves based on numbers and biomasses within the animal groups ( Fig. 2 and 3 ), one finds that their shapes are different. Generally, the biomasses were more concentrated to the upper layers than the numbers. Fig. 4 clearly demonstrates that the mean individual weight decreases with depth in all of the animal groups studied. The phenomenon is most explicit in Oribatei and Mesostigmata and least in Nematoda.
Numbers and biomasses
The densities and biomasses of the soil invertebrates are given in Tables  4 6. Figures from different sampling dates were not compared statistically because the vertical distribution was satisfactorily examined only on 19 July. Obvious trends an rough estimates for total abundances and biomassesd will be, however, given below. No corrections were made in the figures to cover the possible losses during sampling and extraction.
Nematoda was clearly the most numerous of the groups studied and if one takes in account the worms living below the sampling depth (15 cm The number of Enchytraeidae varied during the summer around 50 000 2 nr 2 .
Their biomass was greatest in August and September, 1.0-1.2 gdw m., while in July it was only about 0.6 g dw nr 2 . Four lumbricid species were found in the study field, namely Allolobophora caliginosa (Sav.), Dendrobaena octoedra (Sav.), Lumbricus rubellus Hoffm., and Octolaesiuni lacteum Örley. The total number of earthworms decreased to-wards the autum and their biomass also was lowest in September in the upmost 8 cm. Because some very large specimens occurred in clumps the S. E. of the biomass estimates are big. In numbers D. ocloedra was superior to the other species (72-90 %) . This small species covered 30 -7O % of the total biomass of earthworms. L. ruhellus and 0. lacteum were met only on two sampling dates.
The total biomass of Lumbricidae probably exceeded 10 g dw nr 2 during maximum. They contributed 73 % to the total biomass of soil animals on 19
July.
The number of Araneae varied between 260 and 542 nr 2 .
Most of the specimens at the maximum on 18 August seemed to belong to a single species.
The biomass of spiders ranged from 26 to 108 mg dw nr 2 .
The abundance and biomass of adult Coleoptera were fairly constant throughout the summer. Coleoptera larvae were most abundant in June.
Nematocera larvae were on every sampling date more numerous than Brachycera larvae. The biomasses were more equal but in the last sampling Nematocera was superior to Brachycera. On 17 September the total biomass of the Diptera larvae was as high as 1.0 g dw nr On other sampling occasions their number was about 30 000 -5O 000 nr Most of Mesostigmata belonged to predatory Gamasina.
Oribatei had a minimum of 14 500 nr 2 on 19 July but at other times their numbers ranged from 35 000 to 43 000 nr 2 .
The maximum biomass of the oribateid mites was about 1.6 g dw nr 2 on 18 June.
Other Acari (Prostigmata was dominant over Astigmata) were numerous (23 000-35 000 nr 2 ) but their biomass was negligible compared to the Oribatei and Mesostigmata.
Only one specimen of Opilionae was found and not a single Protura or Diplopoda.
The total biomass of the groups of animals studied was on 19 July about 9.6 gdw nr 2 . This figure does not include animals living beneath the sampling depth, lost during sampling or extraction, or those (Protozoa, Rotatoria, Tardigrada) that were not investigated.
Discussion
The extraction methods used in this study are considered very efficient (e.g. Huhta and Koskenniemi 1975) . Especially the extractor for Lumbricidae is more efficient for small worms than the methods used in many of the earlier studies. The methods have, however, at least the following weak points: the Tullgren funnel is probably not as efficient for softbodied fly larvae as the flotation method (Healey and Russell-Smith 1970) , the sampling area (9.51 cm 2 ) was too small for large springtails and no reliable estimates about their amounts could be made, and finally, the sampling depth was insufficient for Lumbricidae.
Increase in the number of sampling units reduces the standard error of the mean, but it also raises the costs. It is often necessary to accept a standard error of 10-2O % of the mean in order to keep the work and costs reasonable, especially if the populations have clumped distributions. In the present study most of the S. E. values for upper soil layers remain below 20 % of the mean.
Highly aggregated Diptera and Coleoptera larvae are exceptions. Numerous studies concerning one or more groups of soil animals in grasslands have been published, while very few studies deal with the entire soil fauna. The extensive investigation of Persson and Lohm (1977) deals at species level with all the groups, except Nematoda, included in this study.
Their abandoned field (Spikpole) was situated near Uppsala, Sweden. The field had a more distinct and deeper organic layer than my study field (Ruokepuolinen) . The vegetation in Spikpole was strongly dominated by Agropyron repens.
The vertical distribution of Enchytraeidae was more even in Spikpole than in Ruokepuolinen. The same phenomenon can be observed also in other taxa. This was probably due to the higher organic content in the deeper layers in Spikpole than in Ruokepuolinen.
In Ruokepuolinen the mean individual size decreased with depth most clearly in Oribatei, Mesostigmata, and Collembola. It is probably not easy for the large individuals of these taxa to penetrate through the dense soil in lower layers (see also Haarlov 1955) . The size of the other Acari (mainly Prostigmata) was generally much smaller than that of the other mites and they had a more even vertical distribution. The shape and structure of the Enchytraeidae as well as of the Lumricidae enables them to move easily also in dense and compact soil. (Nowak 1975) . Higher densities have been reported from North Wales (Reynoldson 1955 ) and on upland localities in England (Svendsen 1957) , namely 441-484 and 384-470 nr 2 respectively. The biomass of the Lumbricidae in Ruokepuolinen was normal to temperate grassland (Nordstöm and Rundgren 1973 , Nowak 1975 , Persson and Lohm 1977 . The species composition was typical of a meadow habitat in Finland (Terhivuo and Valovirta 1978) . The number of Enchytraeidae was greater in Ruokepuolinen (50 000 nr 2 ) than in Spikpole (18 000-34 000 m-2 ), while the biomasses were more equal. (Nielsen 1955 (Nielsen b, 1961 and from England (Macfadyen 1963 , Peachey 1963 ). In southern Finland in meadow forest soil the abundance and biomass of the Enchytraeids was markedly lower than in Ruokepuolinen (Kairesalo 1978) . The abundance of nematodes was about 12 000 000 nr 2 in July. This value is rather high compared to those given by Nielsen (1949) , Banage (1963) and Wasilewska (1974) . The number of springtails was larger in Spikpole than in Ruokepuolinen.
The density was, however, close to the average value of temperate grassland (Wood 1966) . The biomass of Collembola (100 200 mg dw nr 2 ) is equal or somewhat larger than in Spikpole. This indicates that the specimens were on an average greater in Ruokepuolinen.
Spiders from an ecologically uniform group of predators. Their predation is most intense in the litter-soil interface (Kajak and Jakubczyk 1975) . The spiders were slightly more abundant in Ruokepuolinen than Spikpole. Their density (260 542 nr 2 ) accords well with the values reported from unmanaged English grasslands (Bristowe 1939 . Duffey 1962 , Cherret 1964 . In managed grasslands the densities tend to be lower than in natural ones (e.g. Kajak 1971, Delchev and Kajak 1974) .
In this study mites were divided into three categories, namely Oribatei (Gryptostigmata), Mesostigmata (mostly Gamasina) and other Acari (Prostigmata and to a lesser extent Astigmata). As to numbers, Oribatei and other Acari occurred in greater amounts than did Mesostigmata. The total amount of mites in Ruokepuolinen during the summer was about 60 000-100 000 nr 2 .
This value is typical of temperate grasslands (Wood 1966 , Curry 1969 , Persson and Lohm 1977 . Higher values are obtained mostly from organic soils (Wood 1966 (1977) give a mean of 2.6 g dw nr 2 for rye and potato fields in Poland. The biomass of soil animals in the reserved field was also higher than that in spruce forest in southern Finland (Huhta and Koskenniemi 1975 (Hokkanen and Raatikainen 1977) . When the field is left uncultivated and no crop is transferred outside the ecosystem there is an excess of organic material for decomposers. And at least during the first five years of secondary succession a balance is not achieved. Calculated from the data in (1977) , and taking into account the lower temperatures and the greater amount of nematodes in Ruokepuolinen than in Spikpole, the annual respiration by soil animals can be estimated at 850 1 050 kj nr 2 a year. This is about 6.4-8.0 %of the net primary production. If an annual litter accumulation of 10 % is assumed, the proportion of the studied soil animals of the total heterotrophic respiration in soil and litter would be about 7.2 -B.B %.
The trophic structure of the soil faunal community in Ruokepuolinen cannot be analyzed very accurately because in most cases wide taxonomic units including representatives of different feeding categories were used. On the basis of data in the literature about the food of soil animals (e.g. Banage 
1963
, Kaczmarek 1963 , Olechowicz 1971 , 1974 Healey, and RussellSmith 1971 , Waslilewska 1974 , Persson and Lohm 1977 ) the proportion of sapro-/microbivores would be in terms of biomass 90.7 % in July. Belowground herbivores and predators contributed 2.6 % and 6.7 % to the total biomass.
